Introduction
Polyprenols and 2,3-dihydropolyprenols (dolichols) constitute a group of linear hydrophobic isoprenoid alcohols broadly distributed in nature. They are present in all cells, from archaea to higher eukaryotes, and display a surprising structural diversity between different species and inside of the same organism. 1 Polyprenyl and dolichyl phosphates are unique membrane-anchored cofactors of glycosyltransferases, and participate in the biosynthesis of glycan chains of various glycoconjugates (Fig. 1) . 1, 2 Because the isolation of phosphorylated polyprenols from natural sources is a very cumbersome and difficult procedure, highly efficient methods for the synthesis of polyprenyl phosphates from available plant polyprenols were developed that allows one to use these compounds widely in biochemical and immunological studies. 3, 4 The reversed-phase HPLC technique for the separation of polyprenols is well developed. 5 Polyprenyl phosphates are anionic amphiphilic molecules, and because of the presence of charged heads and non-polar tails, mixtures of these compounds have not been separated by conventional reversed-phase HPLC used for corresponding alcohols.
It is known that the addition of phosphoric acid to an eluent allows one to suppress ionization, and to obtain the separation of oligomerhomologues of dolichyl phosphates. 6 However in contrast to dolichol phosphates, such rather strong acidic conditions are too vigorous and inappropriate for extremely acid labile allylic polyprenyl phosphates, and can be destructive for commonly used reversed-phase chromatographic columns. The derivatization of the phosphate group would add a time-consuming step and a technical complication to the analytical procedure. 7 Another technique, which uses lipophilic counter ions to perform the separation of charged lipids with good efficiency and resolution, is ion-pair chromatography (IPC). 8 In a number of studies, a notable enhancement in the retention and resolution of molecular species of phosphatidic acid (PA) after adding ionpair reagent (IPR), particularly tetrabutylammonium phosphate (TBAP), in mobile phase was observed. 9, 10 The aim of this investigation was to develop a simple non-aggressive method for a high-quality separation of allylic polyprenyl phosphate oligomerhomologues by reversed-phase ion-pair HPLC.
Experimental

Apparatus
The HPLC system included a Smartline Manager 5000 controller with an integrated degasser module, a Smartline 1000 quaternary pump, an injector fitted with a 20-μl loop, and a Smartline 2500 UV/Vis detector (all from Knauer, Germany). A reverse-phase Kromasil C18-column 250 mm × 4.0 mm i.d., 5 μm (Eka Chemicals, Sweden) was used for the separation, and chromatographic data were processed using Clarity Crom 2.6 Ver. 2.4.4 software. † To whom correspondence should be addressed. A simple and rapid method of reversed-phase ion-pair high-performance liquid chromatography (HPLC) with UV-detection on a common C18 column in an isocratic mode with the addition of tetrabutylammonium phosphate for the separation of polyprenyl phosphate oligomerhomologues has been developed. The method was successfully applied to assay the composition of polyprenyl phosphates obtained from polyprenols isolated from mulberry (Morus alba) leaves and fir (Abies sibirica) needles (the active components of veterinary drugs Gamapren and Phosprenyl correspondingly). 
Analytical procedure
Solutions of polyprenols or polyprenyl phosphates in concentrations of about 0.3 -0.5 mg/ml were prepared just before injection (it is important) by dissolving known amounts of substances in hexane with subsequent dilution with ethanol to a final ratio of ethanol/hexane (80:20 v/v). The analyses were carried out under isocratic conditions using flow rates of 0.8 -1.0 ml/min at room temperature (23 -26 C). Chromatograms were recorded at 205 nm.
Results and Discussion
A number of solvents as mobile phases were investigated, and a mixture of ethanol with hexane was found to be a good choice for the eluting of polyprenols, as long as these solvents are transparent in UV and are mixed together in wide range whereas are greatly diverse in their eluting force. This provides an opportunity to optimize and reach a good separation of mixtures of polyprenols or polyprenyl phosphates with a chain length of up to C100 without any gradient elution (Figs. 2 and 3) . The C75-polyprenol was added to a solution of polyprenols from mulberry leaves as a reference of the retention time for determining the corresponding number of isoprene units in molecules of polyprenols.
However, under these conditions, the corresponding polyprenyl phosphates were eluted as unresolved peaks with little retention. Therefore, an ion-pair chromatography technique was applied to separate theses ones. Tetrabutylammonium sulfate, chloride and phosphate were applied for this purpose, but only the last reagent addition had a good effect on the separation process quality. It may be explained by a slight increase of the buffer capacity of the eluent due to the addition of phosphate salt. We achieved a good separation of molecular species of polyprenyl phosphates by adding TBAP in the mobile phase at 0.020 M concentration in an isocratic mode (Figs. 3 and 4) . The TBAP concentration was adjusted experimentally to give a good peak form and resolution without "tailing" and with convenient retention for an assay. We noticed that the slight variation of concentration of TBAP had only a negligible effect on the retention time of polyprenyl phosphate homologues. C75-Polyprenol was added to polyprenyl phosphates from mulberry leaves for a comparative estimation of the retention time of polyprenols in the presence of TBAP, which elute more later relatively to their phosphates (Fig. 4) . The peaks of reference C75-polyprenol homologue are marked as C75OH(R).
Conclusions
A simple and efficient reversed-phase ion-pair HPLC method for polyprenyl phosphate separation into individual oligomerhomologues has been developed. The conditions of the suggested method are non-destructive with respect to allylic polyprenyl phosphates and chromatographic columns. The procedure was successfully applied to assay the composition of active ingredients of veterinary drugs, Phosprenyl and Gamapren.
